Abstract This study aimed to clarify the regularity of leptin in Naqu Tibetan adolescents. This study investigated the concentration of fasting serum leptin and clarified its relationship between BMI and other indices. Healthy Naqu Tibetan adolescents aged 12-18 were investigated randomly in the study. They were divided into seven groups (each year as one group, 12 boys and 12 girls in each group); serum concentrations of leptin, estradiol, testosterone (T), follicle stimulating hormone (FSH) and luteinizing hormone (LH) were analyzed. The height and body weight of the 168 healthy Naqu Tibetan adolescents were also assessed. The leptin level in boys decreased with age but increased in girls; in boys and girls they both differed between groups (pϽ0.05). In boys, the leptin level was inversely correlated with body mass index (BMI), FSH, and T (pϽ0.05), while in girls, it was positively related to BMI, FSH, LH, and E 2 (pϽ0.01).These findings suggested that during puberty the serum leptin concentration increased with age in girls while it decreased in boys; in the same age group, the leptin level in girls was significantly higher than in boys. Leptin may have some relationship with puberty in Tibetan adolescents.
Introduction
Leptin, the product of the ob gene, is a 167-amino acid hormone which is mainly produced by adipose tissue (Zhang et al., 1994; Pelleymounter et al., 1995; Poveda et al., 2007; Hisatome et al., 2008; Considine et al., 1996; Koda et al., 2007; Mizuta et al., 2008; Menendez et al., 2000) . Serum leptin concentrations correlate mainly with the quantity of fat stored in the cell and they are positively correlated with the amount of body fat and body mass index (BMI). Animal experiments and human studies show that leptin is the peripheral signal of networking between fat tissue and the central nervous system and it participates in the homeostasis adjustment mechanism of maintaining a constant steady state of body fat mass; it also has been proposed as a metabolic signal in the reproductive system that can maintain the stability of reproductive function. Carbone studied the ontogenic effect of administration of leptin on serum luteinizing hormone (LH) levels during different stages of sexual development in male rats and demonstrated that leptin stimulates the reproductive axis during a determined period of sexual maturation and it appears to be linked to the different neuroendocrine processes involved in the onset of puberty (Carbone et al., 2005) . GarciaMayor found that female puberty leptin concentrations steadily increase whereas in male puberty leptin concentrations only increase until approximately the age of 10 years, and then decrease with increasing testosterone levels (Garcia-Mayor et al., 1997) . Interestingly, it has been shown that leptin levels peak before the onset of puberty in both sexes, suggesting a specific role for leptin at this point of puberty (Horlick et al., 2000; Mantzoros et al., 1997; Grasemann et al., 2004) . Endocrinologist Jeffrey Flier of the Beth Israel Deaconess Medical Center in Boston proposed that leptin may even be the trigger for the onset of puberty (Vogel, 1996) .
Leptin is a protein hormone and its secretion can be modulated by genetic background, body fat content, gender, and diet (Miller et al., 2001; Kuzawa et al., 2007; Al-Harithy et al., 2004) . To clarify the regularity of leptin in Tibetan adolescents, this study determined the concentration of fasting serum leptin, estradiol (E 2 ), testosterone (T), follicle stimulating hormone (FSH), LH, and measured BMI of 168 healthy Naqu Tibetan adolescents; then investigated the concentration of fasting serum leptin and clarified its relationship between BMI and other indices.
Tibetans in Tibet are one of China's ancient minorities, living on the Qinghai-Tibet Plateau with an average elevation of 4,000 meters. The distinct living conditions formed their unique eating habits and genetic characteristics. It is of significance and interest to conduct research of growth and development and medicine under the circumstance of plateau hypoxia. 
Serum Leptin Concentration and Its Effect on Puberty in Naqu Tibetan

Adolescents
Methods
With informed consent, data obtained from 168 healthy Naqu Tibetan adolescents aged 12-18 were randomly sampled and all cases involving nutritional metabolism diseases or other acute and chronic diseases which can significantly affect growth and development were removed. All the adolescents were divided into seven groups (each year as one group, 12 boys and 12 girls in each group).
Constitution measurements: Body weight and height were measured using standard anthropometric techniques (Lohman et al., 1988) . BMI was calculated as the ratio of weight (kg)/ height (m 2 ). Serological index measurements: Participants were asked to fast overnight for 12 h, and 5 ml blood samples were collected through an elbow vein in clinics the following morning. After being put for 2 h and centrifuged for 15 min, the plasma samples were separated. All samples remained frozen at Ϫ70°C until ready for analysis. The concentration of leptin was analyzed using enzyme-labeled immunosorbent assay (ELISA); the concentrations of E 2, T, FSH, and LH were analyzed using radioimmunoassay (RIA).
Results were reported as the meanϮstandard deviation (xϮs). All analyses were performed with SPSS11.5 software. Statistical comparisons used t test, one-way ANOVA, and correlation analysis, with the level of significance set at pϽ0.05. This study was approved by the Ethics Review Board of Liaoning Medical University.
Results
From Table 1 we can see that the index of BMI increased with age, and showed a gradual increase. The BMI differed between groups ( pϽ0.01).
From Table 2 we can conclude that the Serum concentrations of leptin in boys decreased with age but increased in girls; in boys and girls they all differed between groups (pϽ0.05).
From Figs. 1, 3, 5, and 7 we find in boys that the serum concentration of leptin was inversely correlated with BMI, FSH, and T, and the coefficients of correlation were Ϫ0.336, (pϽ0.01), Ϫ0.244, (pϽ0.05), and Ϫ0.386 (pϽ0.01), respectively. The concentration of leptin decreased while other indices increased, which hinted that these indices had some impact on the level of leptin.
From Figs. 2, 4, 6, and 8 we find in girls that the circulating level of leptin was positively related to BMI, FSH, LH and E 2 and the coefficients of correlation were 0.331 (pϽ0.01), 0.286 112 Serum Leptin Concentration in Tibetan Adolescents (pϽ0.01), 0.461 (pϽ0.01), 0.307 (pϽ0.01), respectively. The concentration of leptin increased while other indices increased and these indices also had some impact on the level of leptin.
Discussion
The regularity of change of serum leptin concentration at puberty
Leptin is secreted as a peptide hormone mainly from white adipose tissue and it exerts its biological action by being released into blood. It is now clear that the amount of leptin in circulation is influenced by many factors. The process of puberty represents the transformation of a child into a fully grown individual with reproductive maturity, and the level of many hormones increases during the transitional period (Biro, 2007) . Our data revealed that during puberty the circulating level of leptin in boys decreased with age but increased in girls; in the same age group, girls have a higher leptin level than boys. Through correlation analysis we found in boys that the leptin level was inversely correlated with BMI and T, while in girls it was positively related to BMI and E 2 .
The soluble leptin receptor (sOB-R) represents the main leptin-binding activity (LBA) in human blood. This receptor isoform could modulate a steady-state leptin level by complexing free leptin in the circulation and consequently preventing the hormone from degradation and clearance (Zastrow et al., 2003) . The circulating level of LBA was low at birth, high in early childhood, fell during puberty, and remained at the postpubertal level throughout adult life (Quinton et al., 1999) . The change of LBA, associated with increasing age and puberty, reflects the different expression of two kinds of leptin receptors. The short-length leptin receptor is one kind of secreted receptor, while the full-length leptin receptor, which is believed to transmit the biological signal for leptin, is expressed in the human hypothalamus (Considine et al., 1996) . At the earliest stages of puberty, the expression of a short-length leptin receptor is decreased, which promotes the bonding of a full-length receptor with leptin, and this bonding can transmit a biological signal. The high levels of LBA occur during the years when the pituitary gonadal axis is quiescent (Quinton et al., 1999) . After sufficient bonding, the binding activity of leptin declined, while the expression of leptin in the hypothalamus related to functional sites was increased. These changes in LBA could explain leptin's regularity of change during puberty.
Our data revealed that the leptin level presents noteworthy gender differences, with a higher level in girls than in boys in the same age group. Some biological explanation has been proposed for these remarkable gender differences: ① the fat distribution: Leptin is mainly produced by white adipose tissue and the females have a differential fat distribution, with a higher subcutaneous/visceral fat ratio than males (leptin mRNA expression is higher in subcutaneous than visceral fat). The pulse amplitude of leptin secretion from adipose tissue is two-to threefold higher in females than in males. At the same time, female adipose tissue may be more sensitive to hormones that stimulate leptin production than male (Shalitin et al., 2003) . ② gonadal hormone: The circulating level of leptin is also acutely regulated by gonadal hormone and T can inhibit leptin's secretion, while E 2 can promote it. In this study, the serum concentration of leptin was inversely correlated with T. This correlation was related to the suppressive effect of testosterone and its biologically active metabolite dihydrotestosterone on leptin production. The in vitro studies of cultured human adipocytes revealed that T can decrease expression of leptin and this suppression was also found at the mRNA level (Wabitsch et al., 1997) . The existence of such a relationship between T and leptin was further strengthened by the prospective study in young males in whom serum leptin was reduced after T injections and increased again after the discontinuation of the treatment (Virve et al., 1998) . In our study, the serum concentration of leptin was positively related to E 2 , and it was hypothesized that E 2 has a stimulatory effect on leptin secretion. A previous study had suggested that leptin secretion from omental adipose tissue in vitro was significantly higher in samples from women than in samples from men and E 2 was a powerful stimulator of leptin release in adipose tissue (Casabiell et al., 1998) . Our questionnaire revealed that Tibetan adolescents took butter tea, roasted barley, beef, and mutton as their main food, and our survey of skin-fold thickness found that the skin-fold thickness of Tibetan was lower than that of Han people. Leptin, with a 167-amino acid hormone, is mainly produced by adipose tissue, so this eating habit may affect the release of leptin.
In our genetic polymorphism research, we found a significant difference in some positions of mtDNA between Tibetan and other groups in East Asia-there was a different mutation of the basic group in np16093 and np16183. We need to conduct further research to determine whether this difference can influence the level of leptin.
Leptin's effect on puberty in Tibetan adolescents
Our data revealed that in girls the serum leptin concentration increased with age and it was positively related to BMI, FSH, LH, and E 2 . From this result we can conclude that leptin may be related to the onset of puberty. In girls, the serum leptin concentration increased rapidly in the prepubertal years and remained constant in midpuberty, and thereafter increased to late puberty. In summary, leptin may act in a permissive way as one of several metabolic factors, to allow pubertal maturation to proceed and later reproduction to occur (Apter, 2003) .
In this study, the leptin level in boys decreased with age and it was inversely correlated with BMI, FSH, and T, which also illustrates that leptin has some action on a boy's adolescent development. A study which measured leptin during a comprehensive longitudinal study of puberty in normal boys showed leptin levels sharply increased in the early or prepubertal period, reaching nearly their peak at the onset of puberty, then declined from this early pubertal peak in the midpubertal period. This change of leptin level was consistent with the hypothesis that this molecule is an important signal responsible for triggering the onset of puberty (Mantzoros et al., 1997) .
In conclusion, the serum leptin concentration in Naqu Tibetan adolescents changed among different stages of puberty and had gender-related differences. We can conclude that leptin has some relationship with puberty.
Compared with our research on other nationalities, our results of the research on Tibetans are quite different. The serum leptin concentration in Naqu Tibetan adolescents was lower than that of those with a Han background in China and that of American girls, and higher than that of German and that of American boys. Our research on Tibetans is approximated to the Hans in China and the Germans. There is a slight difference for Americans (Table 3) . It is probably because the living styles for Tibetans in Naqu are not the same as Hans in China, Germans, and Americans. The reasons will be analyzed in detail in the future.
The Possible mechanisms of leptin on puberty
Nowadays, the leptin receptor had been found in every part of the hypothalamus-pituitary-gonadal axis. Zamoramo's research revealed that the leptin receptor mRNA transcript was highly expressed in the ovary, uterus, and testis, moderately expressed in the hypothalamus and anterior pituitary, with low to no expression in the adrenal, and demonstrated that leptin, acting either through a direct or indirect mechanism, can regulate gene expression in reproductive tissues (Zamorano et al., 1997) .
In the hypothalamus, the effect of leptin on gonadotropinreleasing hormone (GnRH) was not direct, but through synaptic linkage and mediated by other matter (Perello et al., 2006) . The mode of leptin's action on the hypothalamus may be as follows: when the body fat in the human body reaches a certain level, the leptin secreted from adipocytes is increased and transported to the brain via the blood-brain barrier (BBB) (Hâkansson et al., 1998) . Then, the leptin stimulated leptin receptor on the neuropeptide Y (NPY) and/or Proopiomelanocortin (POMC) neurons. When leptin binds with its receptor, the synthesis and/or release of hypothalamic peptide hormone changes, and these hormones modulate GnRH neuron secretion through synapsis (Cheung et al., 1997 ). Our study measured the serum concentrations of FSH and LH, which were closely related to the development of adolescents, and analyzed their relationship with leptin. In our research, leptin was inversely correlated with FSH in boys, while positively correlated with FSH and LH in girls, which illustrates that leptin can influence puberty through its action on the anterior pituitary. Leptin appeared to be the primary metabolic signal and was part of the adipose tissuehypothalamic regulatory loop in control of LH secretion. Leptin's effects on GnRH/LH secretion were mediated by NPY and kisspeptin (Barb et al., 2008) . Previous experiments had demonstrated that leptin acted both at the hypothalamic and pituitary level to stimulate nitric oxide (NO) release, presumably by acting on its receptors at both sites, which then induces the release of either LHRH or LH, respectively. Furthermore, LH release induced by LHRH is also mediated by NO (Yu et al., 1997) .
Our study also measured the serum concentration of E 2 and T, and then approached leptin's action on puberty at the gonad level by analyzing leptin's relationship with these two gonadal hormones. Our results showed that leptin was inversely related to T, while positively related to E 2. The results indicated that leptin had some action on the gonad. Some studies demonstrated that the leptin receptor was expressed in the human ovary cells, and that immunoreactive leptin was present in human follicular fluid (although not produced in the ovary), and that leptin can exert biological effects on granulosa cells (Karlsson et al.,1997; Hâkansson et al.,1998) . These findings were consistent with an endocrine action of leptin on the ovary, and this effect was a direct one (Karlsson et al., 1997) . In male rats, leptin can stimulate the reproductive axis during a determined period of sexual maturation and N-methyl-Daspartate (NMDA) receptors were involved in the facilitatory action of leptin on the gonadal axis of male rats during sexual maturation (Carbone et al., 2005) . In adolescents with delayed puberty, after 4 months of low-dose T treatment, the serum leptin concentration decreased (Arslannian et al., 1997) . All studies indicated that T was one important factor in modulating leptin concentration, and concluded that leptin can promote a boy's pubertal development.
In short, in our research, we found that the serum leptin concentration increased with age in girls while it decreased in boys; in the same age group, the leptin level in girls was significantly higher than that of boys. In boys, the leptin level was inversely correlated with BMI, FSH, and T, while in girls it was positively related to BMI, FSH, LH, and E2. From our research, we concluded that leptin may have some relationship with puberty in Tibetan adolescents.
